Abstract�A quantitative model of temporal integration and visible persistence is described and tested. The model treats visible persistence as resulting from processing activity within sustained visual channels whose temporal response is modelled using a second-order control system. Temporal integration of two successive stimuli is assumed to be enabled by the overlap between the two periods of activity and to be impaired by the non-overlapping activity. The model successfully predicts the effects of inter-stimulus interval and of stimulus duration on goodness of temporal integration.
INTRODUCTION
Visible persistence may be described as the continued visibility of a stimulus for a brief period after its physical termination. At first, visible persistence-also known as iconic memory-was likened to a sensory store whose contents decayed rapidly after stimulus termination (e.g., Sperling, 1960; Neisser, 1967) . However, later findings showed a simple storage hypothesis to be inadequate (see Coltheart, 1980 ). An alternative hypothesis regards visible persistence as the outcome of processing activity time-locked to the onset of the inducing stimulus. This hypothesis, first suggested by Di Lollo (1977, 1980) , is elaborated further in the present work.
Visible persistence has been the subject of a large number of studies that have identified some of its fundamental characteristics (see review by Coltheart, 1980) .
Although some quantitative models of temporal integration have been proposed (e.g., Kelly, 1971) , theoretical interpretations of visible persistence have been qualitative rather than quantitative. It is the purpose of the present work to examine the possibility of quantifying the main temporal factors underlying visible persistence. The plan is to specify the known temporal characteristics of the phenomenon, and to formulate a quantitative model capable of explaining the data.
Amongst the temporal variables known to affect the strength of visible persistence, two have been found to yield particularly reliable effects: inter-stimulus interval (ISI), and stimulus duration. Inter-stimulus interval is the period that elapses between the termination of a stimulus whose persistence is to be estimated and the onset of a trailing stimulus that acts as a probe. As might be expected, strength of persistence diminishes as the ISI is increased. The effect of duration, on the other hand, is somewhat counterintuitive: as stimulus duration is increased, there is a corresponding decrement in duration of persistence (e.g., Efron, 1970; Bowen et al., 1974; Di Lollo and Bourassa, 1983 ).
*To whom all correspondence should be addressed A quantitative model of the effects of ISI and stimulus duration was formulated and tested in the present work. Experiment 1 replicated the well-known effect of ISI, and provided the data on which the model was developed. The model's predictions were then tested in Experiment 2, in which ISI was held constant and stimulus duration was systematically varied.
EXPERIMENT 1 Experiment 1 had two related aims. While replicating the known effect of ISI, the study was designed to provide the data on which a quantitative model of visible persistence could be based.
To study visible persistence, we employed a paradigm first developed by Eriksen and Collins (1967) , and later named by Coltheart (1980) as "Temporal integration of form parts". In its present application, the paradigm comprised two brief stimuli, displayed successively, separated by an ISI. Viewed in isolation, each stimulus was a meaningless configuration of dots. However, when seen in combination, the two stimuli formed a 5 x 5 square matrix with one dot missing from a randomly chosen location. The observer was required to report the matrix location of the missing dot.
The task is easy and engaging, provided that the two portions of the display are perceptually integrated and are, therefore, seen as one. Performance is virtually errorless at brief ISIs (at which a unitary pattern is perceived), but deteriorates rapidly at longer ISIs (at which two sequential stimuli are seen and identification of the missing element becomes impossible). Perception of a unitary configuration clearly requires that some form of visible persistence of the leading display be available to bridge the temporal gap (ISI) between the two successive patterns. Duration of visible persistence is estimated by the longest ISI at which temporal integration remains possible, and beyond which errors are made. In Experiment 1 the intensity and duration of the two successive portions of the display were held constant, while the duration of the ISI was systematically varied.
Method
Observers. Two authors (MTG and VDL) and one paid student unaware of the purpose of the research served in both experiments. All had normal or corrected-tonormal vision.
Visual displays. The display consisted of 24 of the 25 dots defining a 5 x 5 matrix that formed a square having a side of 20mm on the face of a Hewlett-Packard 1333A oscilloscope equipped with P15 phosphor. The diameter of each dot was approximately 0.2 mm. At the viewing distance of 57 cm, set by a head-rest, the dot-matrix subtended a visual angle of 2.0 deg. The dot-matrix was displayed in two successive flashes of 12 dots each. The 12 dots in each flash were chosen randomly on each trial from the 25-dot pool. Therefore, the location of the missing dot varied randomly from trial to trial. Each flash was displayed for 40 ms at a dot intensity of 153 cd/M2 on a background of approximately 0.5 cd/M2. Design and procedure. The observers sat in a dimly-illuminated test chamber, and viewed the displays binocularly with natural pupils. Four fixation dots defined a 3-deg square area in the centre of the screen. All stimuli were displayed within this square
